The effects of proanthocyanidin-rich extract in rats subjected to renal ischemia-reperfusion were examined. Proanthocyanidin-rich extract, which is prepared from grape seeds (Vitis vinifera L.), was given orally at doses of 5 and 10mg/kg body weight/ d for 20 consecutive days prior to ischemia-reperfusion. Administration of proanthocyani din-rich extract attenuated renal dysfunction, as indicated by serum urea nitrogen and cre atinine levels. Additionally, in the ischemic-reperfused kidneys, increased levels of thiobarbituric acid (TBA)-reactive substance and alterations of antioxidant enzyme activi ties such as superoxide dismutase, catalase and glutathione peroxidase (GSH-Px) were observed. Proanthocyanidin-rich extract-treated groups showed significantly reduced renal TBA-reactive substance levels and enhanced catalase and GSH-Px activities, These results suggest that proanthocyanidin-rich extract has protective effects against ischemic-reperfu sion-induced renal damage associated with oxidative stress.
Ischemia-reperfusion injury is frequently encoun tered in vascular surgery, organ procurement and transplantation, and can cause functional and struc tural damage to tissues. In the kidney, ischemia-reper fusion injury is a factor that provokes acute renal fail ure, which has an average mortality rate of 50% (1) . Recently, the events occurring during ischemia-reperfu sion have been examined, and various mechanisms have been proposed to explain the origins of tissue injury. Among these, it has been widely accepted that reactive oxygen species participate in the pathogenesis of ischemic acute renal failure (2, 3) . Therefore, investi gations of amelioration or prevention of cellular injury after renal ischemia through manipulation of free radi cal production have received much attention and indi cated that antioxidants have therapeutic potential (4, 5) .
Recently, polyphenol-rich foods, including vegetables, fruits, nuts, seeds and beverages such as tea and red wine, have attracted scientific interest as dietary sources of antioxidants that are valuable for human health. Grape seeds contain large amounts of proantho cyanidins, which are oligomers or polymers of polyhy droxyl flavan-3-ol units, and have been reported to have remarkable antioxidative and reactive oxygen species scavenging activities (6) (7) (8) . In this study, we examined the effects of proanthocyanidin-rich extract prepared from grape seeds in a model of renal ischemia-reperfu sion injury, *To whom correspondence should be addressed . 
Results and Discussion
In this study, ischemia-reperfusion produced signifi cant increases in serum urea nitrogen and Cr levels compared with those of normal rats subjected to the sham operation (Table 1 ). In contrast, the serum urea nitrogen levels of rats given the 5-mg and 10-mg dose regimens of proanthocyanidin-rich extract decreased from 26.8 to 24.0mg/dL (a 10% change, p<0.001) and from 26.8 to 21.7mg/dL (a 19 % change, p<0.001), respectively. Similarly, the serum Cr levels of both proanthocyanidin-rich extract treated groups decreased significantly compared with that of the vehi cle rats, as shown in Table 1 . These results show that the renal dysfunction (in terms of increased levels of serum urea nitrogen and Cr) improved after administra tion of proanthocyanidin-rich extract for 20 consecu tive days prior to ischemia-reperfusion injury.
Although the pathogenesis of the underlying renal dysfunction during ischemia-reperfusion is compli cated, free radicals and oxidative stress have been exten sively implicated in the pathogenesis of ischemia-reper fusion injury (2, 3, 16) . Free radicals are highly reactive and injure lipids, proteins and nucleic acids, resulting in structural and functional impairment. Paller and Neu mann (17) observed that subjecting renal proximal tubule cells to hypoxia and reoxygenation increased the rates at which they generated O2-, H2O2 and hydroxyl radicals (OH), which then increased lipid peroxidation and cellular permeability. Several studies have demon strated that ischemia-reperfusion is associated with lipid peroxidation leading to oxidative destruction of cel lular membranes (18) and hence decreased renal func tion. In this study, to examine the effect of proanthocy vehicle values with ischemia-reperfusion. anidin-rich extract, we measured the TBA-reactive substance levels, which are good indicators of lipid per oxidation rates, of the serum and kidneys. As shown in Table 2 , the serum and kidney TBA-reactive substance levels of rats subjected to ischemia-reperfusion were 1.5 and 2.0 times higher than those of rats subjected to the sham operation, suggesting oxidative stress was enhanced under the conditions of ischemia-reperfusion. However, pretreatment with proanthocyanidin-rich extract for 20 continuous days reduced the serum lipid peroxidation levels significantly in a dose-dependent manner, showing 17% and 30% inhibition with the 5 and 10mg/kg body weight/d doses, respectively. In the kidneys, significant reductions of lipid peroxidation lev els after proanthocyanidin-rich extract treatment at doses of both 5 and 10mg/kg body weight/d were also observed ( Table 2) . Table 3 shows the effects of proanthocyanidin-rich extract on the activities of the radical scavenger enzymes SOD, catalase and GSH-Px. It is well accepted that these enzymes play important roles in the endoge nous defense system that acts against free radicals such as O2-, H2O2 and OH, After ischemia-reperfusion, renal SOD, catalase and GSH-Px activities were signifi cantly reduced compared with those of rats subjected to the sham operation. As shown in Table 3 , the activity of SOD, which a catalyst of the disproportionation of O2-to H2O2, in rats treated with proanthocyanidin-rich extract did not differ from that in vehicle rats. However, a 10-mg dose of proanthocyanidin-rich extract exerted a beneficial influence on the activities of the other two radical scavenger enzymes, increasing the activities of catalase and GSH-Px, which eliminate H2O2 specifically and inhibit the production of OH, respectively. These results suggest that the attenuation of oxidative stress through correcting the deterioration of enzymatic radi cal scavenger system activity caused by ischemia-reper fusion is involved in the beneficial effects of proanthocy anidin-rich extract.
In the fields of nutrition and preventive medicine, the use of dietary polyphenolic compounds with antioxida tive properties is attracting increasing attention in response to the recognition of the importance of oxida tive damage in the pathogenesis of many diseases. Our present study provides information that explains, at least in part, the health benefits of grape seed-derived proanthocyanidin-rich extract in the kidney, the func tional status of which this extract preserved following ischemia-reperfusion induced injury associated with oxidative stress, However, further research is needed to establish the detailed mechanisms whereby this extract exerts its protective effects.
